A method of simultaneous isolation of nuclear DNA (nDNA) and mitochondrial DNA (mtDNA) from human blood has been proposed by improvising Lahiri's method of isolation of nuclear DNA. The approach presented here provides selectively enriched fractions and eliminates the need for two different methods or separate reagent sets for the extraction of nDNA and mtDNA. It employs an initial nuclear/ cytoplasm partitioning, followed by the similar procedural steps for the two fractions separately. It gives good quality and quantity of the nDNA as well as the mtDNA, suitable for processes like PCR amplification and sequencing and may prove to be useful for people studying population genetics and evolution using molecular markers maximizing the available resources, especially in cases where a large database needs to be generated from limited amount of blood sample. From 3 ml of blood, the yields of mtDNA salvaged from the supernatant were sufficient to set approximately 4 × 10 5 reactions (starting with 250 fg DNA per reactions) of mtDNA loci which otherwise would have been discarded as per original Lahiri's procedure. The quality of mtDNA from the mitochondrial fraction was suitable for all major downstream processes as confirmed by locus specific PCR amplifications and sequencing. Through this procedure, the wastage of nDNA can be avoided when mtDNA loci is studied.
INTRODUCTION
Proliferation of DNA analysis applications in recent years has driven the search for alternative methods of DNA extraction. The ideal methods of DNA extraction should be rapid, economical, environmentally safe and produce good yields. There are only a few methods that are non-enzymatic and do not employ hazardous organic solvents (Miller et al., 1988; Lahiri and Nurnberger, 1991) . Though, a number of kits are commercially available for this purpose, not all labs can readily afford them.
In our laboratory we followed Lahiri's procedure of nuclear DNA (nDNA) isolation. For studying mitochondrial loci, a separate protocol was followed (Tamura and Aotsuka, 1988) . Though the nDNA fraction obtained by Lahiri's method may have enough mitochondrial contamination to carry out mitochondrial studies, it would result in the wastage of nDNA. Therefore, the objective was to have a simple procedure that allows extraction of high quality nDNA and mitochondrial DNA (mtDNA) in separate fractions, from the same starting material, using the same reagents.
The method presented here is essentially an extension of Lahiri's method. It employs an initial nuclei/ cytoplasm partitioning, followed by treatment of the two separate fractions with the same reagents. Selective partitioning of the two fractions therefore results in two separate nuclear and mitochondrial enriched fractions. The method gives good quality and quantity of the nDNA as well as the mtDNA, suitable for many downstream processes like PCR amplification and sequencing.
MATERIALS AND METHODS
Extraction of nDNA About 3 ml of peripheral blood sample was collected in EDTA vacutainers. The blood was transferred to a 15 ml centrifuge tube and an equal amount of a low salt solution TKM1 (10 mM Tris-HCl pH 7.6, 10 mM MgCl 2 , 2 mM EDTA) was added. To that 75
Edited by Hidenori Tachida * Corresponding author. E-mail: shaziaahmad_12@yahoo.co.in μl of NP-40 (Nonidet P40, Roche Diagnostics GmbH, Germany) was added, mixed thoroughly and incubated for 10 min at room temperature until a transparent red solution, indicating complete lysis of erythrocytes, was observed. This was then centrifuged at 800 g for 20 min (Remi R8C laboratory centrifuge, Mumbai, India). The residual pellet was resuspended in 3 ml of the TKM1 buffer with 75 μl of NP-40 and centrifuged again. This additional wash with NP-40 gives a better enrichment of mitochondrial fraction by ensuring complete lysis of cell as shown in Fig. 1 (b) . The nDNA was then obtained by processing of nuclear pellet as per Lahiri and Nurnberger Method (1991) but scaled down to 3 ml blood volume instead of 5 ml. The supernatant from the first and the second centrifugation was then pooled and retained in a sterile 30 ml centrifuge tube (discarded in the original procedure) for further processing to obtain mt DNA.
Extraction of mtDNA The post nuclear supernatant fraction collected in the 30 ml centrifuge tube was centrifuged at 15000 g and at 4°C for 30 min to sediment the mitochondrial pellet. This pellet was washed thrice with low salt buffer (TKM1) ensuring complete elimination of lysed erythrocytes. The mitochondrial pellet was then transferred to a 2 ml Eppendorf tube, suspended in 480 μl of high salt buffer (TKM2: Tris HCl 10 mM pH 7.6, 10 mM KCl, 10 mM MgCl 2, 0.4 M NaCl and 2 mM EDTA). Then 75 μl of 10% SDS was added and incubated at 55°C in heating block (Neolab, Mumbai, India) for complete denaturation and solubilization of protein. Salting out of protein was done by addition of 200 μl of 6 M NaCl and centrifugation at 11300 g for 20 min in micro centrifuge (Rota 4R-V/FM Plastocraft, Mumbai, India). The supernatant was then transferred to a 2 ml tube and twice the volume of 100% ethanol was added for complete precipitation of mtDNA pellet. The mtpellet was washed twice with 70% ethanol, dried and finally dissolved in 200 μl of sterile water.
Analysis and amplification of nucleic acids
Total DNA concentrations in both nDNA and mtDNA enriched fractions were determined spectrophotometrically (Spectrascan UV 2600, Chemito, India) and the DNA quality was observed on 0.8% agarose gel containing 10 μg ethidium bromide. Mitochondrial as well as nuclear DNA fractions were serially diluted upto 250 fg. Six different molecular markers, 4 nuclear and 2 mitochondrial markers which were well standardized and currently used in our lab were used for confirmation of their respective fractions. Four hypervariable regions of the nuclear genome, viz TPMT VNTR (6p, 18-bp repeat, PR1-5'-GC-TCCGCCCTGCCCATTT-3'; PR2-5'-GCCTCCGCCACCAA TGAC-3') (Spire-Vayron et al., 1999) , DAT VNTR (5p, 40-bp repeat, PR1-5'-TGTGGTGTAGGGAACGGCCTGAG-3'; PR2-5'-CTTCCTGGAGGT CACGGCTCA AGG-3') (Martinez et al., 2001) , NOS STR (17q, 5-bp repeat, PR1-5'-AC-CCCTGGAAGCCTACAACTGCAT-3'; PR2-5'-CGCCACTG-CACCTAGCCTGT CTCA-3') (Xu et al., 1997) and D8S592 STR (8q, (GATA) n repeat, PR1-5'-TAGATAGATGATGT-TGTTGTTGATG-3; PR2-5'-GACTGAATATATGTCCTGTT GGC-3') (Ahmad and Seshadri, 2004) and two mitochondrial loci, viz a HV2 segment of the control region (L29-H408, PR1-5'-GGTCTATCACCCTATTAACCAC-3'; PR2-5'-CTGTTAAAAGTGCATACCGCCA-3') (Vigilant et al., 1999) and COII/tRNA Lys (9-bp deletion locus, PR1-5'-ATGCTA-AGTTAGCTTTACAC-3', PR2-5'-ACAGTTCATGCCCATC-GTC-3') (Hertzberg et al., 1989) were amplified using locus specific primers. The forward primers of all the loci mentioned above were labelled with fluorescent Cy5 dye amidite except for COII/tRNA Lys locus. The amplifications were performed in thin-walled 0.5 ml tubes (Axygen Scientific, California, USA) in 25 μl reaction volume using 20 pmoles of each primer, 200 μM of each dNTPs, 0.5 U of DyNAzyme TM II DNA Polymerase (Recombinant Finnzyme) and 1X PCR buffer consisting of 10 mM Tris HCl, 1.5 mM MgCl 2, 50 mM KCl, and pH 8.3 for 30 cycles in Eppendorf TM Gradient Master Cycler. The PCR amplification conditions used for these microsatellite and minisatellite DNA markers were as follows: Initial denaturation of 5 min was given for all the loci. Enzymes were added at holding temperature, which was 5-10°C above the annealing temperature. Annealing temperature was 64°C (1 min) for TPMT and DAT, 60°C (50 sec) for NOS STR and 55°C (40 sec) for D8S592, 52°C (45 sec) for COII/tRNA Lys locus and 55°C (40 sec) for HV2 locus. Extension and denaturation temperature for NOS, D8S592, HV2 and COII/tRNA Lys loci was 72°C and 95°C, respectively, for 30 sec. For minisatellites TPMT and DAT extension and denaturation temperature was 72°C and 95°C, respectively, for 1min. The Cy5 dye amidite labelled amplicons were analyzed on 6% denaturing polyacrylamide gel (containing 7 M urea), using ALF Express TM DNA Sequencer (GE Healthcare, New Jersey, USA). Amplified products of mitochondrial COII/tRNA Lys locus were separated by electrophoresis on non-denaturing polyacrylamide gels and visualized using silver staining (Bassam et al., 1991) .
Sequencing of mtDNA The 418-bp PCR product of HV2 was purified using exonuclease I and alkaline phosphatase (New England Biolabs) and sequenced (for mtDNA confirmation) using BigDye TM Terminator cycle sequencing kit (Perkin Elmer, Foster City, USA) on an ABI 377 automated DNA sequencer (PE Biosystems, California, USA) as per the manufacturers instructions. Both strands of the native double-stranded template were sequenced separately utilizing the same PCR product as a DNA template. Sequencing primers were identical to those used in the amplification.
RESULTS

DNA yield and quality
The present method produced consistent selective enrichment of the two fractions. Both nuclear and mtDNA fractions were relatively pure with A 260 to A 280 ratio varying between 1.6 and 1.9. The average yield of DNA from 3 ml of blood in nuclear fraction was about 130 microgram and that in mitochondrial fraction it was about 17 microgram. The quality of the DNA was good when viewed on ethidium bromide stained 0.8% agarose gel with mtDNA migrating as a discrete band of 16.5 kb. The extraction procedure was replicated successfully for 60 different individuals (12 samples from fresh blood, 40 samples from blood stored at 4°C for 3 to 4 days and 8 samples from blood stored at 4°C for 28 days). The quality and yield of DNA did not show any difference when the results were compared between extractions from the fresh blood and blood stored at 4°C for 1-28 days.
PCR amplification and sequencing Quality of DNA and selective enrichment of nucleic acids was confirmed by locus specific amplifications with serially diluted templates from two fractions. PCR analysis was performed using six different primer sets. The amount of PCR product increased in proportion to the quantity of template used. The two mitochondrial loci could be amplified with as low as 250 fg of template from the mtDNA fraction, while amplification for these loci could not be achieved below 25 pg of template from the nDNA fraction (Fig. 1) . This 100-fold difference confirms the selective enrichment of the mtDNA in the mtDNA fraction. On the other hand, PCR amplification for nuclear loci was possible with as little as 250 pg template from the nDNA fraction but no amplification was possible below 50 ng template from the mtDNA fraction. This again demonstrates an almost 200-fold less contamination of mtDNA in the nDNA fraction. The amplicons were successfully sequenced with 8 ng of template confirming the present extraction process to be suitable for all kinds of downstream enzymatic processes.
DISCUSSION
Preparation of high quality and sufficient quantity of DNA is a primary requirement for a number of applications. Most of the procedures for DNA extraction available in literature either give a single fraction containing both nuclear and mtDNA or are adapted specifically for isolation of either (Miller et al., 1988; Lahiri and Nurnberger, 1991; Tamura and Aotsuka, 1988; Carr and Griffith, 1987; Gross et al., 1973; Jeanpierre, 1987; Sambrook et al., 1989 and Lindberg et al., 1992) . If both nDNA and mtDNA are present in the same fraction, one nucleic acid is unnecessarily wasted while the other is being used. There are several applications which need to employ both nDNA and mtDNA analysis for a large number of samples e.g. population and evolutionary studies and hence, there is a need to develop a procedure which can simultaneously isolate both the nucleic acids using a minimum number of steps with same reagents. Among the various methods available in literature, the nDNA extraction method by Lahiri and Nurnberger is considered superior to others because the process followed provides faster isolation of nDNA as well as does not involve enzymes and toxic chemicals (Lahiri et al., 1992) . We thus thought it appropriate to make use of this procedure and improvise it to extract both nDNA and mtDNA concurrently. Initial nuclei/ cytoplasm partitioning was achieved by NP-40 treatment followed by treatment of the two separate fractions with the same reagents. Non-ionic detergent, NP-40 (Nonidet P40, 4-Nonylphenolpolyethylenglycol) treatment lyses the lymphocytes membrane besides lysis of erythrocyte membrane. Mitochondrial membrane being structurally similar to nuclear membrane is lysed only when treated with stronger ionic detergent like SDS. This resulted in two separate fractions having selectively enriched DNA.
The procedure reported here gives consistent results and high yields. An almost 100-fold enrichment of the mtDNA was achieved in the mtDNA fraction (which was discarded in the original Lahiri's procedure) with a subsequent reduction of mtDNA contamination in the nDNA fraction. The selective enrichment allows for prudent use of template by allowing an option to use nuclear fraction for nuclear loci and mitochondrial fraction for mitochondrial loci depending on the requirement and when work with only one is intended.
CONCLUSION
The approach presented here provides selectively enriched fractions and eliminates the need for two different methods or separate reagent sets for the extraction of nDNA and mtDNA. It employs an initial nuclei/ cytoplasm partitioning, followed by the same procedural steps for the two fractions separately. The method is simple, gives high yields and the quality is suitable for processes like PCR amplification and sequencing. By this, the people studying population genetics and evolution using molecular markers can maximize the available resources.
